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Aims: Trypanosomosis is among one of the tropical neglected diseases which have impacted on 
human, livestock and wildlife. Different factors have been discussed by various researchers but 
ecological factors being considered in nutshell. This paper aimed at reviewing details on how the 
ecological factors influence the prevalence of trypanosome. 
Study Design: Literature review where various literatures have been reviewed and the information 
synthesized. This paper has placed focus on: habitat type, wildlife management type, wildlife 
abundance and diversity, fire incidence and human activities.  
Place and Duration of Study: This literature review work focused in Tanzania mainland and 













Methodology: Literature Searching was done using key words in the following search engines 
Research gate, (https://www.researchgate.net), Google scholar, (https://scholar.google.com/), and 
PubMed. Manual search in printed documents were done in reports from government, poster, 
proceedings and publications which were not available in the internet. 
Results: Variation of habitat types was observed to have impacts on spatial and temporal 
distribution of various tsetse flies and wildlife species which are vector and reservoirs of the 
diseases respectively. Incidence of fire affected the distribution of tsetse flies, wildlife and 
prevalence of trypanosome. For the interval of three years (2011-2013) a loss of more than 1million 
USD associated with trypanosomiasis is estimated in Simanjiro district. More money is used by 
pastoralists in treatment of animals than in spraying pesticides. 
Conclusion: It is recommended that, more work to be done on the impact of ecological factors on 
trypanosomiasis. Also more effort is required in controlling the disease through collaboration of 
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1. INTRODUCTION  
 
Trypanosomiasis is among of neglected, zoonotic 
and vector borne diseases which affect livestock , 
wildlife and human in Africa [1,2]. Trypanosomes 
species in Africa are the parasites and causative 
agent for the disease. The well-known 
trypanosomes species includes; Trypanosome 
congolense, T. brucei and T. vivax which infect 
animals like cattle and wildlife.  The common 
species that causes Human African 
Trypanosomiasis (HAT) in man (sleeping 
sickness) in East Africa is T. brucei rhodesiense 
while T. brucei gambiense is known in West and 
central Africa. Tsetse flies of genus Glossina is 
the main vector for the parasite Trypanosome. 
The species of economic importance include G. 
pallidipes, G. brevipalpis, G. morsitans and G. 
swynnertoni because they transmit 
trypanosomosis in both cattle and humans 
through biting mechanism  [1,3,4]. 
 
The trypanosomiasis disease is of social and 
economic importance to people particularly the 
pastoral communities/livestock keepers. In 
countries like Angola, Democratic Republic of the 
Congo (DRC), and South Sudan, sleeping 
sickness was observed to be greater killer than 
HIV and AIDS. Tanzania shares borders with 
Uganda, Kenya and the Democratic Republic of 
the Congo (DRC) in this country more than 80% 
of the cases registered in the WHO have been 
reported [5]. 
 
The parasites can be diagnosed in by several 
ways, in cattle for instance, Giemsa stained thick 
and thin blood smears, nested ITS-PCR and SRA 
LAMP technique are popular although some are 
expensive [3,4,26].  In cattle, trypanosomiasis 
can result into lowered herd fertility, high 
incidences of abortions, low birth weights, 
reduced growth rates, reduced milk yield and 
poor beef quality thus leading to poor livestock off 
takes as well as low revenues [6]. Although, 
African cattle breed are genetically resistance to 
trypanosomosis (trypanotolerance), yet the 
morbidity and mortality is high. For the sick cattle, 
mortality can reach 100% [7]. The seasonal cattle 
movement, drought, change in pasture and water 
sources and ecological factors accelerated the 
mortality and morbidity [28,66]. However, most of 
wildlife species are reservoir to the trypanosomes 
parasites [17,18]. This shows that, ecological 
factors are essential on influencing the 
prevalence of trypanosomes infection. 
  
This review paper aimed at assessing how the 
ecological factors play role in prevalence of 
trypanosome infection while highlighting the 
economic loss caused by trypanosomiasis, 
through literature review. Secondary data from 
Simanjiro District of Tanzania were used as a 
case on determining the economic loss caused 
by trypanosomosis. The ecological factors 
considered here are: different types of wildlife 
management (National park, Game reserve, and 
Wildlife management area), Habitat and human 
disturbance. 
 
2. MATERIALS AND METHODS  
 
2.1 Literature Search for Ecological 
Factors 
 
Extensive study was conducted in  literatures of 
both printed and those in internet  as suggested 
by Khan et al. [8], Mcdonagh et al. [9]  and 











A search strategy involved using key word in 
internet and reading different printed documents. 
The key words as shown in Table 1 were used in 
the search engine like Research gate, 
(https://www.researchgate.net), Google scholar, 
(https://scholar.google.com/). PubMed and 
manual search in printed documents were done 
in reports from government, posters, proceedings 
and publications which were not available in the 
internet. The information required in this study 
was trypanosome prevalence in Tanzania in 
cattle, pigs, flies, wildlife and humans, ecological 
factors (here wildlife, wildlife management types, 
habitat and human activities). 
 
The review on influence of ecological factors 
involved comparing the variation in prevalence of 
trypanosome infection in various ecological 
zones in Tanzania. The different ecological zones 
included the varying distance from protected area 
such as National Park (NP), Game Reserve (GR) 
and Wildlife Management Area (WMA). Also the 
influence of other ecological factors and human 
activities were taken into account. Tanzania has 
different wildlife management types with different 
influence in wildlife population, tsetse flies 
abundance thus trypanosome prevalence in 
cattle. These include; National Parks like 
Serengeti National Park, Ruaha National Park, 
Saadani National Park and Tarangire National 
Park which have no consumptive utilization of 
wildlife. Game reserves like Selous Game 
Reserve, and Uwanda Game Reserve; allow 
consumptive utilization of wildlife resources 
(tourist hunting). 
 
2.2 Economic Implication 
 
The secondary data were obtained from 
Simanjiro district office. The data involved those 
collected   from 2011 to 2013. The information 
reported were those showing the number of 
animals which were diseased, treated and 
recovered at that particular time interval. 
Simanjiro district was selected because, is 
among the areas which are well known to be 
impacted with trypanosomosis. To get the 
monetary value of the loss caused by the death 
of cattle [10], Pugu cattle market price of 350USD 
(Tsh781,000/=) per cattle was considered in a 
year 2018 [11]. The cost for treating one cattle 
per year estimated to be 5.5 USD while cost for 
spraying  tsetse flies with insecticide and other 
management practices (including diagnostic, 
treatment, health care) was estimated to be 
3.5USD per cattle per year based on a study in 
Uganda that estimated the cost effective of 
trypanosome management [12]. However quality 
lives for human and expensive diagnosis 
techniques were not considered because they 
are not frequently used at village level. 
 
3. RESULTS AND DISCUSSION 
 
3.1 The Prevalence of Trypanosome 
Infection and Ecological Zones 
 
In this study it was observed that 18.33% of the 
documents reviewed showed that, high 
prevalence of trypanosome species were 
observed in sample taken near protected area 
than those taken far from protected area (Table 
2).  About 6.7% of the records revealed that, 
human activities have negative effect to the 
habitat of vector and hosts of Trypanosomes 
which have implication in prevalence of infection.  
  
The overall average prevalence was 23.94%. 
The prevalence of Trypanosome species among 
sampled sites varied.  The highest prevalence 
was reported in area near Ngorongoro 
conservation area [4] while the least was 
observed in area near Serengeti national park 
[13] (Table 3). 
 
3.1.1 How ecological factors affects the 
prevalence of Trypanosome in cattle 
 
In order to understand the influence of ecological 
factor on the prevalence of Trypanosome, we 
need to know what is ecosystem, the 
components of ecosystem and which of the 
components are the key factors on the 
epidemiology of trypanosomosis [14]. Living 
organisms and their interaction with the 
environments forms the ecosystem and the study 
of it is called ecology. The components of the 
ecosystem are biotic factors which consist of 
living organisms like plants, animals and microbe 
(producers, consumers and decomposers) and 
abiotic factors like air, soil, water and          
climate [15]. The ecological factors for the 
trypanosomes are those components or parts of 
the components which influence the survival, 
distribution, and prevalence. These factors do not 
affect the parasite directly but indirectly through 
the hosts and vectors responsible to carrying the 
parasite. The hosts being wildlife, livestock and          
human being while the main vector being Tsetse 
flies. The ecological factors of wildlife abundance 
and diversity, habitat type, wildlife management 
(Biodiversity conservation), fire use and human 
activities have influence on the prevalence of 











Table 1. Identification, screening and eligibility of the documents included in the study 
 
 Identification Screening  Eligibility Key word used for searching 
Record from 
Google scholar (n= 
250) 
Med pub (n=150) 
Research Gate  (n=50) 
Manual search (n=20)  
Documents screened (n=470) 
219 Included- Full texts                                                                                   
251 Excluded- had only titles and/or 
abstract  
 
60 full text included, 192 excluded 
Reason; No ecological data, wildlife 
management status, habitat status, 
human activities 
Prevalence of trypanosome in Tanzania, 
Protected areas, 
Trypanosome and human activities, ecological, 
wildlife, 
Influence of ecological factor on prevalence of 
trypanosome  
 
Table 2. The impacts of various ecological zone and human activities to prevalence of trypanosomes 
 
C/N Ecological zone Intervention Implication in 
prevalence  
Reasons References 
1 National  Park 
(NK)/Game reserve 
(GR) 
Near (NP, GR) Higher than far High Interaction of  wildlife-
livestock 
Intact habitat for vector (Tsetse 
flies) 
[56,57,58,28] 
 Far (NP, GR) Low than near Low wildlife-livestock Interaction 
High habitat disturbance  for host 
and  vector (Tsetse flies) 
[3,2,59,54] 
Inside(NP,GR) High  High diversity and abundance of  
wildlife host species 
High diversity of parasite species 
[18] 
3 Wildlife Management 
area (WMA) 
If compared to NP,GR Low -human activities allowed 
-habitat disturbed 
-low conservation level 
[54,60,2] 
4 Human disturbed area Highly, low or none  
disturbed 

















Table 3.  Prevalence in different ecosystem (NP, GR and WMA) with the nearby conservation area were recorded 
 
c/n Prevalence Ecosystem/nearby protected area Method used Host sampled Ref 
1 27.8 % (95 % CI 22.3-32.5 %) Near Tarangire, NP Serum resistance 
associated (SRA) LAMP 
technique 
Cattle [4] 
2 47 %, 91.7 %, 60.8 % Near Ngorongoro Conservation area SRA LAMP technique Cattle, sheep, goat respectively [3] 
3 0.010% and 0.0085%  Serengeti National Park (N.P) Polymerized Chain 
Reaction (PCR) 
  Tsetse flies (G. swynnertoni G. 
pallidipes, respectively) 
[13] 
4 16.7% Manyara N.P, Tarangire N.P,  PCR Pig [26] 
5 5% (95%CI=2.6-8.6). Tarangire N.P Giemsa stained thick 
and thin blood smears 
Cattle [54] 
6 7% (95%CI=5.2-8.9). - Dissection method Tsetse flies [63] 
7 6.6% (13/197). Selous Game Reserve  (GR) PCR Tsetse flies [62] 
8 6% Saadani NP and Serengeti NP PCR Tsetse flies [64] 
7 51.47%. Mikumi NP nested-PCR Cattle  [65] 
 
Table 4. The cattle diseased by Trypanosomiasis, treated, recovered, died and the economic loss associated with Death, treatment and spray. 
Note; Price of cattle is 350USD [11], Treatment cost per cattle per year 5.5 USD and cost for  spray per cattle per year is 3.5 USD [12]. Although it 
was not possible to get the total number of cattle in year 2011 and 2013, we succeeded to get the total number of cattle in the year 2012 was 
347,489 
 
Year Diseased Treated Recovered  Died Loss by Death (USD) Loss by Treatment (USD) Loss by spray and 
control (USD) 
Total cost (USD) 
2011 7414 7398 6843 762 26 6,700 40,689 25,949  333,338 
2012 9431 8582 8612 916  320,600 47,201 33,009 400,810 
2013 7399  7287 6539 871 304,850                         40, 079 25,897 370,826 











3.1.2 Wildlife abundance and diversity 
 
Higher prevalence was observed to the samples 
collected near protected area than far ones.  This 
can be explained by the presence of wildlife 
species which act as reservoirs to the parasite. 
Wildlife is undomesticated fauna and flora [16], 
for the context of this paper wildlife is considered 
to be all wild animals. The abundance of wildlife 
refers to the number of wildlife (Species 
evenness) while diversity refers to the variety of 
wildlife species (combination of species 
evenness and richness). The diversity and 
abundance of wildlife species have great 
influence in the availability of the Trypanosome 
parasite. Different wildlife species are favored 
and affected differently by tsetse flies (as Vector). 
Studies have shown that some wildlife species 
are more affected than others. A study done in 
Luangwa valley Zambia, showed variation   
among prevalence of Trypanosome congolense, 
T. brucei and T. vivax in wildlife [17,18].     
Animals like cape buffalo (Syncerus caffer), 
warthogs(Phacochoerus africanus), The      Cape 
bushbuck or imbabala (Tragelaphus 
sylvaticus)  and waterbuck (Kobus 
ellipsiprymnus) were detected to have the 
trypanosome parasite while species like elephant 
(Loxodonta africana), spotted hyena (Crocuta 
crocuta), giraffe(Giraffa sp) and 
duikers(Cephalophus sp) observed to have less 
impact on harboring the trypanosome parasite 
[17-19]. Possibly meal preference for tsetse flies 
and quantity of sampled animals can explain this. 
Regardless of the detected parasites in wildlife 
above, several studies have showed that, wildlife 
are resistant to the parasites and they do not 
show clinical signs thus acting as reservoirs [20].  
 
The presence of wildlife makes the trypanosome 
to circulate in the ecosystem. Regardless of the 
control strategies carried out by livestock keepers 
and other persons [21], yet the presence of the 
wildlife host the Trypanosomes species which will 
later be spread to other hosts like human being 
and livestock. Most of wildlife species are found 
in protected area where tsetse flies control 
strategies are rarely implemented. For instance, 
in most pastoral communities found outside 
protected area, the controls are done but not 
inside the protected areas. A study done in North 
Vietnam revealed that, there were higher cases 
of Trypanosome avansi in buffalos than in cattle. 
Ecological factors comprising wildlife species  
were pointed out to be among the influencing 
factors [22],  although, control practices, 
treatments to cattle can be among the reason. 
Also resistance of wildlife (example, buffaloes) to 
trypanosomes infection could lead into low 
mortality rate in infected buffaloes than infected 
cattle [20].  
 
3.1.3 Habitat type 
 
In a simple term, habitat can be explained as 
locality which supports life to living organisms by 
providing the basic requirements for example 
food, shelter, breeding ground and other basic 
needs [23]. There are different types of habitats, 
World Wildlife Fund (WWF) describes that the 
major types of habitats are terrestrial, freshwater 
and marine ecoregions while terrestrial is the 
most diverse [24]. However in the case of this 
paper, terrestrial habitat are the one that 
influence epidemiology of the trypanosomosis. 
Habitats like grassland, woodland, bush land and 
forests, alone cannot have direct influence on the 
trypanosomes parasites without the hosts for the 
parasite; in this case tsetse flies (Vectors) and 
wildlife the reservoirs. [25] noted that domestic 
dogs, cats and pigs [26] are reservoirs to 
Trypanosoma cruzi while tsetse fly 
(Glossina spp.) are intermediate host and vector 
of African trypanosomes [27]. Furthermore, a 
study done in Maasai Steppe Tanzania, showed 
that, apart from sex, herd size, previous infection 
and ages having influence in the infection rate of 
trypanosome in cattle [28], yet grazing pattern to 
different habitats types such as woodland and 
proximity to Tarangire National park has impact 
on the infection rate of trypanosome in cattle. 
 
In case of tsetse flies, [29–31] have reported that 
the surface affected by  Fusca group are Swamp 
forest (100%) followed by Closed evergreen 
lowland forest (95.5%)  while being least in 
Croplands (0.5%) and Sparse grassland (0.7%). 
Generally different group of tsetse flies are 
favored by different habitat for instance fusca 
group are found in forest, Nemorhina (G. 
palpalis) are found in savannah while Glossina 
(G. morsitans group) are from riverine habitats. 
Habitats influence the species of the vector 
(Tsetse flies), intrinsic and extrinsic behavior of 
vectors [32] . 
 
Wildlife species need habitat for survival. Habitat 
type plays great influence on the distribution, 
abundance and diversity of wildlife species [33]. 
For instance species like African buffalo 
(Syncerus caffer) is known to be the host for 
Trypanosoma vivax, Trypanosoma congolense, 
Trypanosoma brucei [32]. ‘Miombo’ woodlands, 











African buffalo while tropical and subtropical 
forests, muddy and swampy areas for water 
buffalo [34]. These mentioned habitats also host 
tsetse flies, vector of trypanosomes. Thus the 
interaction of habitats, host animals and the 
vector makes sustainable circulation of the 
parasite in the ecosystem possible till they meet 
uninfected animal [35]. 
 
3.1.4 Wildlife management (Biodiversity 
conservation) 
 
The variability of life form at level of species 
diversity, genetic diversity and ecosystem 
diversity is termed as biodiversity [36]. 
Biodiversity have many benefits to man including 
aesthetical value, social value, spiritual value, 
cultural, ecological value and economical value 
[36]. Regardless of the importance of biodiversity 
yet, threats like over-exploitation, extinction of 
species, pollution, poaching, invasive species, 
climate change, habitat conversion and 
urbanization need to be addressed [36,37]. 
Biodiversity conservation and management is 
among the strategies to address the threats to 
biodiversity. Variation in conservation methods 
has significant influence on the abundance and 
diversity of insects such as tsetse flies the vector 
of trypanosome parasite. For instance, a study 
done in MUNGATA Wildlife management  area 
near Selous Game Reserve, Tanzania where 
human beings are living  and carry some socio-
economic activities  showed a decline in 
abundance and diversity insect  compared to 
areas inside the Selous Game Reserve which is 
intact [37]. The decline in abundance and 
diversity  of insects in an area in relation to 
management system can be good indicators to 
reflect  on tsetse flies and the trypanosome 
parasite they transmit.  
 
3.1.5 Fire use 
 
Fire ecology is not a new phenomenon in the 
conservation biology. It involves the 
understanding in which fire occurs in the 
ecosystem and how it relates with biotic and 
abiotic factors [39,40]. For our case it relates with 
wildlife (Hosts/Reservoirs), vegetation (Habitats), 
Tsetse flies (Vectors) and trypanosomes 
(Parasites). Fire has both positive and negative 
effects in ecosystems in general and 
trypanosomes in particular. The benefits of fire 
include, reduction of competition for surviving 
species by influencing the survival of fire adapted 
species while discouraging the non-fire adapted 
species [41,42],  increases forbs dominance [43] 
and new animal colonization [44,45]. The 
promoted plant species or the suppressed can 
have advantages to the wildlife, vector (tsetse 
flies) and trypanosome by providing favorable or 
unfavorable habitats respectively.  
 
Fire increases soil fertility through converting 
nutrients available to plants into simple water-
soluble salts [46]. Fire helps to control soil pH 
[47] controls pests and parasites [48,49], reduces 
over accumulated hazardous fuels [49], improves 
vegetative communities, increase palatability of 
pasture to herbivores, improve accessibility and 
habitat for wildlife and livestock which act as host 
to trypanosomosis [50,51]. Fire affects animals 
and vegetation directly by killing, decreasing litter 
decomposition caused by a decrease in 
microorganisms, promotes pathogen infestation, 
parasitic organisms (like Trypanosomes) and 
insects to animals and plants through wound and 
scars caused by fire [51]. In this case fire plays 
great role in the spatial distribution of tsetse flies, 
wildlife and livestock which have implication on 
the prevalence of trypanosome in a particular 
area. 
 
3.1.6 Human activities 
 
Human actions osn their environment have 
impacts on the ecological components including 
the tsetse flies and the trypanosomes. Human 
activities includes the following; agriculture, 
hunting, livestock keeping, fire use, wild honey 
collection, tsetse flies control strategies and 
livestock management regimes [52]. For 
instance, [52] noted that, transhumance practiced 
by pastoralists in Nigeria during dry season for 
searching pasture and water, increases the 
prevalence of trypanosome in cattle due to stress 
as results of drought,  food and water shortage, 
increased susceptibility of cattle to 
trypanosomes, higher density of tsetse flies 
favored by low humidity/high temperature.  
 
In addition, expansion of farm land made many 
pastoralists to transform from sedentary to semi-
sedentary model of cattle keeping which increase 
the vulnerability of cattle for tsetse flies and 
trypanosomosis [52,53].  Other human activities 
are known to have negative correlation with the 
prevalence of trypanosome. For instance, studies 
have shown that, hunting of wildlife, fire use and 
bush clearing for agriculture decreases the 
availability of tsetse flies and thus the prevalence 
of trypanosome [33] to animals (Livestock and 
human being) [4,54]. The negative correlation is 











quantity and diversity. Also the reduced blood 
meal from the poached wildlife can explain the 
negative correlation.  For instance; a study done 
in Burkina Faso, revealed that, Riverine tsetse 
flies are well adapted to swampy forest. The 
clearing of such habitat (deforestation) through 
charcoal extraction, cultivation, fire use for 
livestock pasture improvement will alleviate them. 
Also, hunting (Poaching), human/wildlife conflict, 
activities reduces the availability wildlife species 
which provide blood meals to tsetse flies and act 
as reservoirs for trypanosomes [33]. 
 
3.2 Trypanosomosis Economic 
Implications in Simanjiro District 
 
For three years (2011 to 2013) the overall 
estimate of cost due to trypanosomosis 
treatment, death of animals and insecticide spray 
was more than 1Million USD in Simanjiro District. 
The highest loss was observed in 2012 and being 
low in 2011. More money is spent in treatment 
than in spraying insecticide (Table 4).  
 
It is observed from this paper that, 
trypanosomosis shows significant impacts in 
terms of economic loss to pastoralists’ 
communities, in this study, only treatment; death 
and sprays for animals were considered as 
potentials cause of economic loss to pastoralists. 
However, if other factors were to be considered 
the cost could go up beyond 1 Million USD 
estimated in Simanjiro District. Other potentials 
factors which can cause more loss due to 
trypanosomosis can be research, transportation, 
veterinary services, grazing strategies to control 
trypanosomosis and health risk (zoonotic) of 
transmitting parasite from animal to human. The 
results is with agreement with  report from 
Northern Nigeria which showed that, cost for 
treatment against trypanosomosis for nine years 
(1952-1960) went up to £200,000  for 
approximately total of 4,000,000 doses while the 
cost to the government went up to £1,000,000 in 
terms of staff, transport and maintenance of 




Ecological factors play significant roles in the 
prevalence of trypanosome. Different 
stakeholders are required to be involved in the 
control strategies of the diseases. The 
stakeholders who can be involved in control 
strategies included the following: livestock 
keepers, conservationists, policy makers, 
nongovernmental organization which are involved 
in the control efforts of the trypanosomiasis. 
Unless the control strategies for trypanosomosis 
and the associated tsetse flies are emphasized, 
the economic loss caused by trypanosomosis is 
anticipated to continue among the livestock 









We are thankful to the University of Dodoma 
(UDOM) and Tanzania Wildlife Research Institute 
(TAWIRI) particularly the Kingupira Wildlife 
Research Center for support in terms of provision 





1. Simwango M, Ngonyoka A, Nnko HJ, 
Salekwa LP, Ole-Neselle M, Kimera SI. 
Molecular prevalence of trypanosome 
infections in cattle and tsetse flies in the 
Maasai Steppe, northern Tanzania. 
Parasites and Vectors. 2017;10(1):1–11.  
2. Malele I, Nyingilili H, Msangi A. Factors 
defining the distribution limit of tsetse 
infestation and the implication for livestock 
sector in Tanzania. African J Agric Res. 
2011;6(10):2341–7.  
3. Ruiz JP, Nyingilili HS, Mbata GH, Malele II. 
The role of domestic animals in the 
epidemiology of human African 
trypanosomiasis in Ngorongoro 
conservation area, Tanzania. Parasit 
Vectors. 2015;8(510):4–9.  
Available:http://dx.doi.org/10.1186/s13071-
015-1125-6 
4. Haji IJ, Sugimoto C, Kajino K, Malele I, 
Simukoko H, Chitambo H. Determination of 
the prevalence of trypanosome species in 
cattle from Monduli district, northern 
Tanzania, by loop mediated isothermal 
amplification. Trop Anim Health Prod. 
2015;47(6):1139–43.  
5. World Health Organization (WHO). 
Trypanosomiasis, human African (sleeping 
sickness); 2015.  
6. Chanie M, Adula D, Bogale B. Socio-
economic assessment of the impacts of 
trypanosomiasis on cattle in Girja District , 
Southern Oromia Region, Southern 












7. Lowa State University (LSU). African 
Animal Trypanosomiasis Nagana, Tsetse 
Disease; 2009.  
8. Khan KS, Kunz R, Kleijnen J, Antes G. Five 
steps to conducting a systematic review. 
Jrsm [Internet]. 2003;96(3):118–21. 
Available:http://jrsm.rsmjournals.com/cgi/do
i/10.1258/jrsm.96.3.118 
9. Mcdonagh M, Whiting P, Bradley M, 
Cooper J, Sutton A, Chestnutt I. A 
systematic review of public water 
fluoridation. NHS Cent Rev Dissem. 
2000;1:1-3.  
10. Mndolwa ND. The status of tsetse and 
Trypanosomiasis in Simanjiro District. 
Monduli; 2014.  
11. Reporter DN. Tanzania: Cattle prices, 
supply at Pugu Market decline. 2018;1.  
12. Muhanguzi D, Okello WO, Kabasa JD, 
Waiswa C, Welburn SC, Shaw APM. Cost 
analysis of options for management of 
African Animal Trypanosomiasis using 
interventions targeted at cattle in Tororo 
District; South-eastern Uganda. Parasites 
and Vectors. 2015;8(1):1–9. 
13. Auty HK, Picozzi K, Malele I, Torr SJ, 
Cleaveland S, Welburn S. Using molecular 
data for epidemiological inference: 
Assessing the prevalence of Trypanosoma 
brucei rhodesiense in tsetse in Serengeti, 
Tanzania. PLos Negl Trop Dis. 2012;6(1).  
14. Elmqvist T, Maltby E. Chapter 2 
Biodiversity, ecosystems and ecosystem 
services. The Economics of Ecosystems 
and Biodiversity. 2010;2010:1-25.  
15. Van Baren J. Four Components of an 
Ecosystem. Sciencing. 2018;1(1):1.  
16. Yarrow G. Wildlife and Wildlife 
Management. Fact sheet 26, for Nat 








17. Anderson NE, Mubanga J, Fevre EM, 
Picozzi K, Eisler MC, Thomas R. 
Characterisation of the wildlife reservoir 
community for human and animal 
trypanosomiasis in the Luangwa Valley, 
Zambia. PLoS Negl Trop Dis. 2011;5(6).  
18. Auty H, Anderson NE, Picozzi K, Lembo T, 
Mubanga J, Hoare R, et al. Trypanosome 
diversity in wildlife species from the 
serengeti and luangwa valley ecosystems. 
PLoS Negl Trop Dis. 2012;6(10).  
19. Auty H, Torr SJ, Michoel T, Jayaraman S, 
Morrison LJ. Cattle trypanosomosis: The 
diversity of trypanosomes and implications 
for disease epidemiology and control 
Trypanosome species of relevance to 
cattle. Rev Sci Tech Off Int Epiz. 
2015;34(2):587–98.  
20. Baticados WN, Castro DL, Baticados AM. 
Parasitological and PCR detection of 
Trypanosoma evansi in buffaloes from 
Luzon, Philippines. Ceylon J Sci (Biological 
Sci [Internet]. 2012;40(2):141–6.  
21. Ngongolo K, Barnabas E. The need for 
developing cheaper strategies for 
controlling tsetse flies in collaboration with 
Livestock Keepers. In: Tanzania Veterinary 
Association, December. Arusha: Tanzania 
Veterinary Association (TVA). 2015;1–5.  
22. Lang S. Studies on incidence and control of 
Trypanosomiasis in buffalos caused by 
Trypanosome avansi steel 1885 in North 
Vietnam; 2001.  
23. Prince William Network (PWN). What is 
habitat? General overview. Prince William 
County Public Schools.  
(Accessed 10
th
 May 2019)  
Available:http://happeninhabitats.pwnet.org
/what_is_habitat/ 
24. World Wildlife Fund (WWF). Major Habitat 
Types; 2016.  
(Accessed 28 April 2016) 
Available: [Internet]. 2016,  Accessed 10 
May 2019, Available: 
http://wwf.panda.org/about_our_earth/ecor
egions/about/habitat_types 
25. Noireau F, Diosque, P Jansen M. 
Trypanosoma cruzi: Adaptation to its 
vectors and its hosts. Vet Res. 
2009;40(2):26.  
26. Hamill LC, Kaare MT, Welburn SC, Picozzi 
K. Domestic pigs as potential reservoirs of 
human and animal trypanosomiasis in 
Northern Tanzania. Parasit Vectors. 
2013;6(1):322.  
27. Majiwa P, Thatthi R, Moloo S, Nyeko J, LH 
O, Maloo S. Detection of trypanosome 
infections in the saliva of tsetse flies and 
buffy-coat samples from antigenaemic but 
aparasitaemic cattle. Parasitology. 
1994;108(3):313–22.  
28. Ngongolo K, Estes AB, Hudson PJ, 
Gwakisa PS. Assessing risk factors for 
trypanosome infections in cattle in wildlife 
interface areas in Northern Tanzania. J 
Infect Dis Epidemiol. 2019;5(3):1–10.  
29. Cecchi G, Mattioli RC, Slingenbergh J, De 











distributions in sub-Saharan Africa. Med 
Vet Entomol. 2008;22(4):364–73.  
30. Cecchi G, Paone M, Argilés Herrero R, 
Vreysen MJB, Mattioli RC. Developing a 
continental atlas of the distribution and 
trypanosomal infection of tsetse flies 
(Glossina species). Parasit Vectors. 
2015;8(1):284.  
31. Simarro PP, Cecchi G, Paone M, Franco 
JR, Diarra A, Ruiz JA, et al. The Atlas of 
human African trypanosomiasis: A 
contribution to global mapping of neglected 
tropical diseases. Int J Health Geogr 
[Internet]. 2010;9(1):57.  
32. Munangandu HM, Siamudaala V, 
Munyeme M, Nalubamba KS. A review of 
ecological factors associated with the 
epidemiology of wildlife trypanosomiasis in 
the Luangwa and Zambezi valley 
ecosystems of Zambia. Interdiscip 
Perspect Infect Dis. 2012;2012.  
33. Guerrini L, Bord JP, Ducheyne E, Bouyer J, 
Aubreville A, Bouyer J. Fragmentation 
analysis for prediction of suitable habitat for 
vectors: example of riverine tsetse flies in 
Burkina Faso. J Med Entomol [Internet]. 
2008;45(6):1180–6.  
34. Saleem M. Buffalo facts, types, diet, habitat 
and pictures. Live Anim All Anim birds 
Facts. 2013;1(1):20.  
35. Scoones I, Dzingirai V, Anderson N, 
MacLeod E, Mangwanya L, Matawa F. 
People, Patches, and Parasites: The Case 
of Trypanosomiasis in Zimbabwe [Internet]. 
Human Ecology; 2017.  
Available:http://link.springer.com/10.1007/s
10745-017-9929-y 
36. Mutia TM. Biodiversity conservation and 
geothermal development. Short Course V 
Explor Geotherm Resour. 2010;1–9.  
37. Ngongolo K, Bruno NA. Impacts of wildfire 
on insect diversity in the selous game 
reserve, Tanzania. In: TAWIRI Biennual 
Conference Proceedings. Arusha. 2015; 
58–69.  
38. Boone RB, Galvin KA, Thornton PK, Swift 
DM, Coughenour MB. Cultivation and 
conservation in Ngorongoro Conservation 
Area, Tanzania. Hum Ecol. 
2006;34(6):809–28.  
39. New T. Introduction to invertebrates 
conservation Biology. School of Zoology, 
La Trobe University Bundoora, Victoria.; 
1995;3083.  
40. Whelan J. The Ecology of fire. Cambridge: 
Cambridge University Press, Cambridge; 
1995;1-50.  
41. Rodgers W. The effect of fire and elephant 
on the Ecology of Terminalia spinosa Engl. 
(Combretaceae). Miombo Research 
Centre. 1973;1:20.  
42. Pyne J. How plants use fire (And are used 
by it)” Fire war, Fire Site mape Nov online. 
2002;1(1):1–2.  
43. Redmann E. Grasses and grasslands, 
native [Internet]. Saskatchewan; 2006. 
[Cited 2017 Sep 20] 
Available:http://esask.uregina.ca/entry/gras
ses_and_grasslands_native.html 
44. Friend G. Fire and invertebrates. A review 
of research methodology and the 
predictability of post-fire response patterns. 
CALMScience, v Supplemennt. 
1995;4(1):165–173.  
45. Barratt BI, Ferguson C, Barton D, 
Johnstone PD. Impact of fire on tussock 
grassland invertebrate populations. New 
Zealand: Science for conservation. New 
Zealand. 2009;1-20.  
46. Binkley D, Richter D, David MB. Soil 
chemistry in a loblolly / longleaf pine forest 
with interval burning. Ecol Appl. 
1992;2(2):157-164.  
47. De Bano F. The effect of fire on soil 
properties. A guide to soil quality 
monitoring for long term ecosystem 
sustainability on Nothern region national 
forest. Paper presented at the Symposium 
on management and productivity of 
Western-Montane forest soils, Boise ID. A 
Guid to Soil Qual Monit Long Term Ecosyst 
Sustain North Reg Natl For. 1990;1(1):1. 
48. Padgett K, Casher L, Stephens S, Lane R. 
Effect of prescribed fire for tick control In 
California Chaparral. J Med Entomol. 
2009;46(5):1138–45.  
49. Long J. Benefits of prescribed burning. 
Univ Florida IFAS Ext. 2012;70(1):1–3.  
50. Tieu A, Dixon D, Meney A, 
Sivasithamparam K. The interaction of heat 
and smoke in the release of seed 
dormancy in seven species from 
Southwestern Western Australia. Oxford 
Journals, Life Sci Annals Bot. 
2001;88(2):259–65.  
51. Wan S, Dafeng H, Yiqi L. Fire effects on 
Nitrogen pools and dynamics in terrestrial 
ecosystems: A meta-analysis. Ecol Appl. 
2001;11:1349–1365.  
52. Majekodunmi AO, Fajinmi A, Dongkum C, 
Picozzi K, Thrusfield MV, Welburn SC. A 
longitudinal survey of African animal 
trypanosomiasis in domestic cattle on the 











distribution and risk factors. Parasit Vectors 
[Internet]. 2013;6(1):239.  
53. Mahama C, Desquesnes M, Dia M, Losson 
B, De Deken R, Speybroeck N. A 
longitudinal epidemiological survey of 
bovine trypanosomosis and its vectors in 
the White Volta river basin of Northern 
Ghana. . Vet Parasitol. 2005;128:201–8.  
54. Swai ES, Kaaya JE. A parasitological 
survey for bovine trypanosomosis in the 
livestock/wildlife ecozone of Northern 
Tanzania. Vet World. 2012;5(8):459–64.  
55. Wilson S, Morris K, Lewis I, Krog E. The 
Effects of Trypanosomiasis on Rural 
Economy*. Bull Wid Hlthi Org. 
1963;28(1):595–613.  
56. Ngonyoka A, Gwakisa PS, Estes AB, Nnko 
HJ, Hudson PJ, Cattadori IM. Variation of 
tsetse fly abundance in relation to habitat 
and host presence in the Maasai Steppe , 
Tanzania. J Vector Ecol. 2017;42(1):40--
43.  
57. Nnko, Happiness J, Ngonyoka, Anibariki, 
Salekwa, Linda, Estes, Anna B, Hudson, 
Peter J, Gwakisa, Paul S, Cattadori IM. 
Seasonal variation of tsetse fly species 
abundance and prevalence of 
trypanosomes in the Maasai Steppe, 
Tanzania. J Vector Ecol [Internet]. 
2017;42(1):24–33. 
58. Sidiropoulou A, Karatassiou M, Galidaki G, 
Sklavou P. Landscape pattern changes in 
response to transhumance abandonment 
on mountain vermio (North Greece). 
Sustain. 2015;7(11):15652–73.  
59. Siwango M, Ngonyoka A, Nnko H, Salekwa 
P, Neselle O, Estes A. Prevalence of 
trypanosome infection in cattle and tsetse 
flies in the Maasai steppe, Northern 
Tanzania. In; 2016.  
60. Ngongolo K, Nyundo BA, Mtoka S,  Wildfire 
and socio-economic activities of the local 
communities adjacent to the North-Eastern 
Selous Game Reserve , Tanzania. J Zool 
Biosci Res. 2015;2(2):35–41.  
61. Jackson HB, Fahrig L. Habitat loss and 
fragmentation. Encycl Biodivers. 
2000;4:50–8.  
62. Malele II, Magwisha HB, Nyingilili HS, 
Mamiro KA, Rukambile EJ, Daffa JW. 
Multiple trypanosoma infections are 
common amongst Glossina species in the 
new farming areas of Rufiji district, 
Tanzania. Parasit Vectors . 2011;4:217. 
63. Abdi RD, Agga GE, Aregawi WG, Bekana 
M, Van Leeuwen T, Delespaux V, et al. A 
systematic review and meta-analysis of 
trypanosome prevalence in tsetse flies. 
BMC Vet Res [Internet]. 2017;13(1):100.  
64. Adams ER, Malele II, Msangi AR, Gibson 
WC. Trypanosome identification in wild 
tsetse populations in Tanzania using 
generic primers to amplify the ribosomal 
RNA ITS-1 region. Acta Trop. 2006;100(1–
2):103–9.  
65. Nhamitambo NL. Molecular identification of 
trypanosome species in cattle of the 
mikumi human/livestock/wildlife interface 
areas, Tanzania. J Infect Dis Epidemiol 
[Internet]. 2017;3(2):1–10.  
66. Ngongolo K, Estes AB, Hudson PJ, 
Gwakisa PS. Influence of seasonal cattle 
movement on prevalence of trypanosome 
infections in cattle in the Maasai Steppe, 
Tanzania. J Infect Dis Epidemiol. 2019;5 
(3):079.  
_________________________________________________________________________________ 
© 2019 Ngongolo et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 




The peer review history for this paper can be accessed here: 
http://www.sdiarticle3.com/review-history/49299 
